The Shigella genus has historically been separated into four species, based on biochemical assays. The classification within each species relies on serotyping. Recently, genome sequencing and DNA assays, in particular the multilocus sequence typing (MLST) approach, greatly improved the current knowledge of the origin and phylogenetic evolution of Shigella spp. The Shigella and Escherichia genera are now considered to belong to a unique genomospecies. Multilocus variable-number tandem-repeat (VNTR) analysis (MLVA) provides valuable polymorphic markers for genotyping and performing phylogenetic analyses of highly homogeneous bacterial pathogens. Here, we assess the capability of MLVA for Shigella typing. Thirty-two potentially polymorphic VNTRs were selected by analyzing in silico five Shigella genomic sequences and subsequently evaluated. Eventually, a panel of 15 VNTRs was selected (i.e., MLVA15 analysis). MLVA15 analysis of 78 strains or genome sequences of Shigella spp. and 11 strains or genome sequences of Escherichia coli distinguished 83 genotypes. Shigella population cluster analysis gave consistent results compared to MLST. MLVA15 analysis showed capabilities for E. coli typing, providing classification among pathogenic and nonpathogenic E. coli strains included in the study. The resulting data can be queried on our genotyping webpage (http://mlva .u-psud.fr). The MLVA15 assay is rapid, highly discriminatory, and reproducible for Shigella and Escherichia strains, suggesting that it could significantly contribute to epidemiological trace-back analysis of Shigella infections and pathogenic Escherichia outbreaks. Typing was performed on strains obtained mostly from collections. Further studies should include strains of much more diverse origins, including all pathogenic E. coli types.
Shigellosis is a widespread disease occurring mainly in developing countries, often in association with poor sanitation, and is responsible for about 600,000 deaths per year in the world, two-thirds of them concerning Ͻ10-year-old children (2) . The implementation of treatment and, to some extent, control strategies is a significant challenge, especially in Asia, because antibiotic-resistant strains of different species and serotypes have emerged and because the distribution of Shigella species and serotypes is heterogeneous (46) . The low infectious dose (10 to 100 cells) allows the organism to spread effectively by contaminated food or water but also by person-to-person contact, and a specific virulence plasmid that encodes a type III secretion system plus the invasion plasmid antigens is responsible for epithelial cell wall invasiveness. Finally, it is worth noting that Shigella, like other bacteria responsible for food and waterborne diseases, has been classified as a potential biological threat agent due to its infection route and environmental stability (38) .
Shigella sp. strains are currently classified into four species: S. dysenteriae, S. flexneri, S. boydii, and S. sonnei. Three of them are apparently antigenically heterogeneous, comprising several serotypes, whereas S. sonnei is antigenically homogeneous.
Shigella typing relies on phenotypic characteristics, but discrimination between the four species can be difficult. Serotyping is not always able to provide a correct species identification, due to cross-reactions or the absence of agglutination. New serotypes are regularly discovered (28, 49) and are sometimes found to cross-react with Escherichia coli strains.
In addition, the discriminatory power of phenotypic tools and serotyping is limited and requires the manipulation of the live agent. The introduction of DNA-based molecular typing methods, such as ribotyping (5) , plasmid profile analysis, restriction fragment length polymorphism (25, 26) , and pulsedfield gel electrophoresis (PFGE) (37) , has greatly improved the ability of researchers to discriminate between epidemiologically related and unrelated isolates in outbreaks. In the United States, PulseNet, a network of laboratories implicated in foodborne disease surveillance (42) , uses PFGE typing coupled with strict quality control procedures in order to ensure interlaboratory reproducibility, but this approach remains laborintensive for routine clinical strain typing, so cheaper alternatives are actively being pursued. Multilocus sequence typing (MLST) is a very powerful approach, and it provides a clear view of the population structure (52) . However, it is not yet appropriate for the routine, first-line genotyping of a large number of isolates. Recently, PulseNet members acknowledged that multilocus variable-number tandem-repeat (VNTR) analysis (MLVA) is a highly promising typing tool, likely to replace PFGE in the coming years (9) . MLVA typing is being actively developed by a number of laboratories, together with the associated Internet-based query tools and databases (3, 6, 17, 18) , to genotype several bacterial pathogens, in particular, potential biothreat agents, such as Bacillus anthracis (18) , Yersinia pestis (18, 31) , Legionella pneumophila (32, 33) , Salmonella enterica (36) , Brucella spp. (19) , Francisella tularensis (11), Burkholderia mallei, and B. pseudomallei (43) . MLVA is also increasingly recognized as a future reference technique for bacterial genotyping allowing systematic typing of all isolates for a number of other pathogens of high public health interest (including Mycobacterium tuberculosis [17] , Pseudomonas aeruginosa [30, 47] , Streptococcus pneumoniae [13] , and Staphylococcus aureus [40] ) (the technique is reviewed in references 21, 44, and 45). The present work aimed to set up MLVA for the Shigella genus to facilitate epidemiological follow-up, by providing easy-to-use typing tools, in countries suffering from a recrudescence of Shigella outbreaks. Recently, Liang et al. (20) proposed an MLVA for molecular typing of S. sonnei and explored the capability of a 26-VNTR set for detecting clusters of infection. Because the proposed VNTRs have very short repeat units, this assay requires a high precision of DNA length measurement, as provided, for instance, by microcapillary electrophoresis and fluorescent markers. This is a strong limitation for routine typing because of the cost of such equipment and the associated consumables. In contrast, the present investigation favors markers with larger repeat units in order to provide an assay widely accessible to research and public health laboratories, particularly in developing countries.
MATERIALS AND METHODS
Strains and DNA preparation. Sixty-eight S. boydii, S. dysenteriae, S. flexneri, and S. sonnei strains and four E. coli strains were obtained from the Centre de Ressources Biologiques de l'Institut Pasteur (CRBIP), the American Type Culture Collection, the Hôpital d'Instruction des Armées (Bégin, France), and the Centre d'Etudes du Bouchet (CEB) strain collections (Table 1) . Strains were cultured overnight at 30°C on Trypticase soy agar (reference number 43011; bioMérieux, Marcy L'Etoile, France) before DNA extraction. S. flexneri, S. sonnei, and S. boydii DNA extractions were processed in a biosafety level 2 lab by use of lysozyme, sodium dodecyl sulfate, and proteinase K followed by phenolchloroform extraction and ethanol precipitation, as described elsewhere (41) . S. dysenteriae serotype 1 DNA extraction was done in a biosafety level 3 lab by use of the genomic DNA 500/G extraction kit (Qiagen GmbH, Hilden, Germany), according to the manufacturer's instructions. In several cases, the presence of high quantities of polysaccharides was suspected after lysis and cetyltrimethylammonium bromide extraction was used to remove this excess (41) . The average size of the extracted DNA was checked on a 0.8% agarose gel. Nucleic acid concentration and purity were quantified with an ND-1000 UV-Vis spectrophotometer (NanoDrop Technologies, Wilmington, DE).
MLVA setup. A multiple comparison of Shigella genome sequences available at the onset of the study was done through the Microorganism Tandem Repeats database (3, 6) , accessible as a Web service (http://minisatellites.u-psud.fr/). The methods previously described (3, 18) and the genome sequence data for strains S. flexneri 2457T (GenBank accession no. AE005174) (48), S. flexneri 301 (GenBank accession no. NC_004337) (10), S. sonnei 46 (GenBank accession no. NC_007384), S. dysenteriae 197 (GenBank accession no. CP000034), and S. boydii 227 (GenBank accession no. NC_007613) (50) were used to identify presumably polymorphic tandem repeats (TRs).
Loci with repeat units longer than 9 bp were favored in order to facilitate allele repeat number calling by a variety of DNA amplicon length estimation devices (24) and as a complement to a previous investigation (20) . Selected primers pairs were validated in silico with available genome sequence data for Shigella and E. coli strains by using the multiple-PCR-primer BLAST Web service (http: //minisatellites.u-psud.fr/) which provides the expected size and sequence of the PCR products. The resulting in silico typing data were integrated into the MLVA. Some VNTR loci of E. coli O157:H7 described by Keys et al. (12) are present in the Shigella genus genome sequences. Five of them (O157-11, O157-13, O157-25, O157-33, and O157-34), selected for their relative ease of use (repeat unit size, Ͼ6 bp) or high rate of polymorphism, were evaluated in this study.
VNTR amplification and genotyping. PCRs were performed as previously described (18) and using an annealing temperature of 60°C. DNA from the S. flexneri 2457T strain was used as an internal control to ensure high-quality size assignments as described previously (36) . The PCR products were run on agarose gels, stained with ethidium bromide, visualized under UV, and photographed as previously described (19) .
Sequence-based typing. To allow comparison between MLVA and MLST assays, a region of the thrC gene described by Pupo et al. that carries enough information to discriminate the collection in the clusters previously described (35) was selected. Primers were designed with Primer3 software (39) and led to a 351-bp-long amplicon. This region was amplified in all strains of the present collection, and PCR products were sent to MWG-BIOTECH AG (Ebersberg, Germany) for sequencing.
Data analysis. Gel electrophoresis images were analyzed by using the Bionumerics software package, version 5.0 (Applied-Maths, Sint-Martens-Latem, Belgium), as previously described (19) . The number of repeats in each allele was deduced from the amplicon size. The resulting data were analyzed as a character data set with Bionumerics software. Clustering analysis was done by using the categorical parameter and the unweighted-pair group method with arithmetic averages (UPGMA) coefficient. The same weight was given to large and small numbers of differences in the repeats at each locus. The categorical parameter was also used to calculate the minimum spanning tree (MST). MST is a convenient complementary tool to cluster multiple isolates and visualize the relative diversity within different lineages. Polymorphism was quantified by the HunterGaston diversity index (HGDI) (7) . MLST sequences published by Pupo et al. (35) were imported into the Bionumerics program.
RESULTS
The in silico multiple-genome comparison of five genomes identified 32 TRs (repeat unit size, Ͼ9 bp; repeat sequence conservation, Ͼ80%) predicted to show at least two alleles among the five available genomes. One of the 32 loci was previously investigated (22) . Five VNTR loci described by Keys et al. (12) for MLVA typing of E. coli O157:H7 were added to this panel owing to their presence and their polymorphism in both Shigella spp. and E. coli O157:H7. All VNTR loci considered herein are located on the chromosome. Specific primers for these VNTRs were checked using an initial selection of 12 bacterial strains (1 S. dysenteriae strain, 4 S. flexneri strains, 2 S. sonnei strains, 4 S. boydii strains, and 1 E. coli strain) and led to the elimination of 18 markers (8 failed to amplify DNA satisfactorily and 10 did not show polymorphism) (see Table S1 in the supplemental material). Analysis of the collection of 72 Shigella strains (Table 1 ) eliminated four additional markers that amplified less than 90% of the strains (see Table S1 in the supplemental material), leading to a final set of 15 markers (Table 2) , including 3 from the panel described by Keys et al.
The sizes of the amplification products for the sequenced strain S. flexneri 2457T were as expected for each marker, and DNA from this strain was used as the reference in all analyses (Fig. 1) . Four VNTR loci yielded an allele assignation for all Shigella and Escherichia strains investigated, while 11 others yielded no PCR product in some strains in spite of repeated attempts, suggesting locus absence and/or sequence polymorphism at priming sites. Table 3 highlights characteristics and diversity of the 15 selected VNTR loci. Ten loci are located within coding or putative coding regions, and five are intergenic. Repeat unit lengths ranged from 6 to 375 base pairs. These VNTRs were also tested in silico by using the 17 available sets of genomic sequence data of Shigella, E. coli, and Salmonella enterica serovar Typhimurium (Table 1) . The HGDI (7) of each VNTR was calculated for the complete collection and for each species. Three different panels of VNTR loci (panel 1 included 11 loci, panel 2 included 3 loci, and panel 3 included 1 locus) were defined according to their HGDI value and were subsequently combined in a composite data set using three different levels of weight (individual marker weight of 20, 10, or 1) along the line previously proposed for Brucella MLVA (1). The rationale for this approach is that the diversity index indirectly reflects mutation rate and homoplasy level at each locus. Markers with a higher homoplasy level have a lower phylogenetic value. Panel 1 included 11 VNTRs (individual weights of 20) with HGDIs below 0.75 (ms09, ms11, ms18, ms22, ms23, ms24, ms25, ms26, ms32, O157-13, and O157-33), panel 2 included 3 VNTRs (individual weights of 10) with HGDIs ranging from 0.75 to 0.9 (ms06, CNV-001, and ms21), and panel 3 is limited to the hypervariable VNTR, O157-11 (individual weight of 1), with an HGDI higher than 0.9.
Diversity indexes differ within the genus Shigella and the species E. coli ( Table 3) . As expected, the least variable group of organisms is the S. sonnei genus, with an HGDI of 0.64 when the highly variable locus O157-11 is not included (MLVA14, comprising panels 1 and 2). Locus O157-11 alone has an HGDI of 0.94 for S. sonnei and leads to a general HGDI of 0.97 for this species. S. flexneri, S. boydii, and S. dysenteriae show much greater MLVA14 diversity, correlated with the higher number of serotypes (12, 15, and 10, respectively) in these species. Regarding E. coli, the limited number of strains included in the study does not allow comparison with the others.
By use of the MLVA14 assay (panels 1 and 2), the 89 strains (72 DNA samples tested and 17 sets of sequence data) were differentiated into 65 genotypes. When the O157-11 VNTR is used, the discriminatory power of the assay is significantly increased, with 83 genotypes numbered 1 to 83 in the dendrogram produced (Fig. 2) . With the low relative weight given in the clustering analysis to this very highly variable marker, the two clusters are highly similar. All strains are identified by species acronym and genotype number (e.g., Sd#01 or Sf#70). Several strains sharing the same genotype will be additionally differentiated by a letter (e.g., a, b, etc.).
Cluster analysis shows that most of the Shigella strains fall into four main clusters. Sb#81 and Sb#82 stand as outliers, Se#83 being an outgroup. Sb#81 and Sb#82 belong to the S. boydii serotype 13 (B13 in reference 35) and have an MLVA15 profile very different from those of all the other Shigella strains, with seven cases lacking amplification and two alleles observed only in these strains. Two strains of S. sonnei, two strains of S. boydii, three strains of E. coli, and two pairs of S. dysenteriae strains share the same genotype. Additional markers might allow further differentiation of Shigella strains, supposed to have been isolated in different places at different times (20) . The HGDIs, however, are high and, by adding in the cluster analysis markers discarded previously, the strains remain un- distinguishable (data not shown), supporting the idea that they are in all likelihood epidemiologically related.
To estimate the validity of the clustering observed by VNTR typing, selected strains were analyzed by sequence typing using published MLST data (35) . Strains provided amplification products of the expected size, regarding the segment of the thrC gene. Sequences were imported and aligned in the Bionumerics program, and a cluster analysis was produced (see Table S2 in the supplemental material). A single discrepancy between clusters inferred from known genera and serotypes on one hand and sequence analysis on the other hand was observed due to the incongruence of phylogeny at the different loci. S. dysenteriae CIP 53.134 (D8 in reference 35) fell within cluster 3 when only the thrC sequence data were analyzed. It is the trpC-trpB sequence used in the MLST assay, in particular, which excludes that strain from cluster 3. Subsequently, all strains from the collection for which the thrC locus was investigated were characterized by their relevance to the clusters classified by Pupo et al., as indicated in Fig. 2 .
This sequence analysis and comparison with published sequence data show that three of these clusters do correspond to the clusters classified by Pupo et al., and they are numbered accordingly in Fig. 2 . Cluster 1 grouped S. boydii serotypes 1 to 4, 6, 8, 10, 14, and 18, S. dysenteriae serotypes 3 to 7, 9, and 11, and S. flexneri serotype 6. Cluster 1 was the most diverse, grouping representatives of all Shigella species except S. sonnei. This cluster could be divided into three subclusters, i.e., SC-1A, SC-1B, and SC-1C. Strains sharing the same serotype are usually discriminated by MLVA15 typing.
Cluster 2 comprises S. boydii serotypes 5, 7, 9, 11, 15, and 16, S. dysenteriae serotype 2, and all S. sonnei serotypes. The two S. boydii serotype 9 displayed the same MLVA15 pattern. The S. sonnei strains are located into two branches, one with the two representatives of S. boydii serotype 7. Three uropathogenic E. coli strains are included in cluster 2, together with an E. coli   FIG. 1 . Illustration of the MLVA assay setup. The PCR products of an amplification using ms06 primers were loaded on an agarose gel, electrophoresed, and stained with ethidium bromide. Lanes M show a 100-bp-ladder molecular weight marker. Lanes 1 and 7 correspond to the S. flexneri strain 2457T; lanes 2 to 6 and lanes 8 to 12 correspond to strains from our assay. The image illustrates how the number of units can be directly deduced by manual reading. The marker name below the gel provides the repeat unit size of the TR, the expected PCR product size in the S. flexneri 2457T genome, and the corresponding number of units in the S. flexneri 2457T genome. Cluster 3 groups all S. flexneri strains (with the exception of S. flexneri serotype 6, located in cluster 1), S. boydii serotype 12, and S. dysenteriae serotype 8 (Sd#56). Sd#56 is weakly associated with subcluster 3A together with S. flexneri serotypes 3, 3a, 5, and X. A second subcluster, tentatively called 3B (Fig. 2) , comprises S. boydii serotype 12 and S. flexneri serotypes 1, 2, 2a, 2b, 4b, and Y. S. flexneri serotype 4c is more distantly related. Each strain has a unique genotype, although several serotypes were represented by more than one strain.
Consequently, and with the exception of Sd#56 (Sd8), the composition of the clusters is in remarkable agreement with the report of Pupo et al., although the underlying approaches are quite different (35) .
We propose here to define a fourth cluster. Cluster 4 would include all the S. dysenteriae serotype 1 strains, five representatives of the E. coli K-12 strain (including two genomic sequences), and the two E. coli O157:H7 strains included in the study. The E. coli O157:H7 representatives are located in a quite distinct branch, slightly closer to the S. dysenteriae serotype 1 branch than to the E. coli K-12 branch. The eight S. dysenteriae serotype 1 strains are separated into six genotypes, showing the discriminative power of the VNTR panel. Among those strains, two were isolated from patients during an outbreak in a refugee camp in Rwanda in 1994. They show exactly the same MLVA15 pattern. Three of the E. coli K-12 strains were wild-type K-12 and two were derivatives (14) . The three K-12 wild types share exactly the same genotype, while derivatives present different patterns at locus ms22, ms32, or O157-11. The O157:H7 strains exhibited two differences among them, at loci ms11 and O157-11.
In very rare instances, a given allele is strongly associated with a specific cluster, at least in the limited collection of strains investigated here. The three-repeat-unit allele at locus ms06 is observed only in cluster 2, and locus O157-33 has more than one repeat unit only in clusters 2 and 4 (associated with the E. coli strains investigated here). ms25 and ms26 each gave rise to a very large amplicon in two strains and four strains, respectively, and these amplicons correspond to alleles with more than 60 repeat units (compared to the usual allele size ranges of one to three and two to four repeat units, respectively) (see Table S2 in the supplemental material). The six alleles were sequenced. The ms25 sequencing revealed that two different insertion sequences (ISs) were present, IS629 and IS2 for Sf#22 and Sd#26, respectively. IS629 is a member of the IS3 family of transposable elements. The ms26 allele sequencing led to the finding that only one IS, known as IS630, was present in this TR (27) , and it was inserted at the same position and orientation in the four strains Sd#33, Sd#34, Sb#35, and Sb#36, confirming the close relationship between the four strains already suggested by MLVA15 clustering, in spite of a different species assignment.
As a complementary analysis, an MST analysis was performed. MST analysis is a convenient tool to cluster multiple isolates and illustrate the relative diversity within different lineages (Fig. 3) . This kind of analysis is applicable to categorical data sets. The creation of hypothetical types further minimizes the summed distance of all branches of the tree. The MST was drawn without locus O157-11, which is too variable to address correct relatedness within different lineages, especially since this analysis does not currently allow the assignment of different relative weights to markers. In cluster 1, the three main subclusters are conserved, with only minor changes. The two S. dysenteriae serotype 7 strains, Sd#26 and Sd#27, are located in the vicinity of subcluster A but interspaced by Sb#04 and Sb#05. The composition of cluster 2, with S. sonnei and S. boydii serotype 7 in the same branch, is also found by this approach. Sd#56 is not included in cluster 3, which is in accordance with results obtained from other molecular methods and reflects the absence of amplification at several loci, which is taken into account in this analysis. The only change in cluster 4 is the location of E. coli O157:H7 representatives that are far from other members of the cluster and weakly linked to cluster 2.
DISCUSSION
The Shigella genus has been classified into species and serotypes for a long time and for practical reasons, but MLST (15, 16, 34, 52) and genome comparisons (51) have emphasized the strong genetic homogeneity between the different species. Most importantly, MLST has further strongly suggested that in some instances, the current species designations are not compatible with the actual phylogeny of the Shigella genus. It is now considered more likely that Shigella sp. strains, as well as enteroinvasive E. coli strains, are derived from multiple origins within the species E. coli (50) .
The purpose of the present study was to develop an MLVA assay for Shigella and evaluate if the resulting data would be in agreement with the complex concept of the Shigella-E. coli genomospecies, as revealed by MLST data. We investigated TR loci predicted to be polymorphic by comparing five Shigella genome sequences. The selection of 15 VNTRs allowed us to discriminate 89 strains, covering the large majority of known diversity in Shigella species and several E. coli strains (77 Shigella spp., 11 E. coli strains, and 1 S. enterica strain), into 83 genotypes. Strains sharing the same serotype are rarely from the same genotype, with difference ranging from one marker (Sd#1 and Sd#2, of S. dysenteriae serotype 5) to five markers (Sd#26 and Sd#27, of S. dysenteriae serotype 7). On the other hand, the two strains of S. dysenteriae serotype 1 isolated in Rwanda in 1994 during a dysentery outbreak in refugee camps are identical.
Through MLVA15 analysis, four main clusters were defined, together with some outliers. Among them, the strains of S.
FIG. 2.
Dendrogram with all the typed strains, including the ones corresponding to sequenced strains that were included in the data set by their allele numbers as calculated theoretically from the expected amplicon sizes of all 15 loci based on their genome sequences. Clustering analysis was done using the categorical and UPGMA options. The columns indicate the genotype number, the genus, the species, the serotype, the strain identification number (collection), the cluster number as defined by Pupo et al., and the year and place of isolation. (15) . In order to be able to compare our MLVA15 clustering data with published MLST data, part of the thrC gene was sequenced. In this way, the strains used in this study could be assigned to the different clusters defined by Pupo et al. (35) , and it very clearly appears that MLVA15 clustering provides the same view of the Shigella population structure as MLST. Recently, Yang et al. (52) conducted another MLST analysis, based on 23 housekeeping genes. The greater number of genes analyzed allowed them to define three subclusters inside cluster 1. MLVA15 clustering reveals the same fine substructure. Such striking similarity demonstrates the potential usefulness of MLVA for Shigella typing. While the general patterns are highly similar, there are some differences between MLST and MLVA approaches. In the present study, the nine S. sonnei strains are assigned to cluster 2, close to S. boydii serotype 7. Considering that Shigella clusters are now believed to have independently arisen several times from E. coli species FIG. 3 . Shigella population modeling. The number in each circle indicates the corresponding genotype identified in Fig. 2 . The empty circle indicates a hypothetical genotype (not present in the population analyzed) created to minimize overall distances between neighboring genotypes. The distance between neighboring genotypes is expressed as the number of allelic changes and is outlined by different shapes of lines: a hatched bold line indicates one change, a full gray line indicates two changes, a black dotted line indicates three changes, and a gray dotted line indicates more than four changes. Gray hatched lines are used to separate subgroups inside clusters. The tree calculation was made without locus O157-11, owing the location of different genotypes in the same circle.
while acquiring pathogenicity factors (16, 35, 52) , the underrepresentation of E. coli investigated here led to the representation of small groups of E. coli strains arising from Shigella clusters, while, in fact, the situation would be the opposite. Such analysis should be done by including a Shigella collection in a larger E. coli collection to obtain a general overview of E. coli/Shigella sp. genomospecies (such work is in progress).
Combining UPGMA cluster analysis and MST provides an overview of Shigella intraspecies relationships. In agreement with previous investigations, we can infer from this combination that Shigella taxonomy is of little phylogenetic value. This is illustrated for instance by S. flexneri serotype 6 being associated with cluster 1 by MLVA or MLST, whereas the other S. flexneri serotypes are assigned to cluster 3 (together with the two serologically untyped S. flexneri strains). Four strains clustered together by MLVA share the same rare IS insertion event at the same position, while they are assigned to different species, reinforcing the fact that current classification does not reflect the genetic relatedness within the Shigella genus. It is now believed that Shigella organisms arose several times within E. coli species (35, 52) , leading to three clusters not related to the currently recognized Shigella species taxonomy based upon biochemical and serological characteristics. The three main clusters are also identified here with a fourth corresponding essentially to S. dysenteriae serotype 1.
This study augments the results relative to discrimination power, specificity, and sensitivity of the MLVA approach to the Shigella species. Moreover, the MLVA15 panel shows some capabilities to be applied to E. coli for typing purposes, with a wider range of use than considered before in several published studies, mainly focused on Shiga toxin-producing E. coli (12, 23, 29) . Another MLVA assay was validated for O157:H7 outbreak detection (12) . It showed high discrimination between the E. coli O157 strains and appeared to have equal sensitivity to that of PFGE and specificity superior to that of PFGE. Lindstedt et al. (22) described a seven-TR panel designed to type the ECOR collection and pathogenic E. coli species. Several Shigella strains were included in the study and typed. However, all serotypes were not available, and in one case, the TR was absent, and in another, the TR was monomorphic. Our panel primarily intended to cover all Shigella species, and its satisfactory performance indicates also good capabilities to discriminate between nonpathogenic E. coli, uropathogenic E. coli, and enterohemorrhagic E. coli strains.
As suggested previously (45) , the proposed combination of well-selected independent polymorphic TR loci is highly discriminatory and provides a relevant clustering compared with the currently accepted classification. The panel of 15 markers has been divided into three panels according to the polymorphism of each locus. It is important to keep in mind that the very high discriminatory power of some markers usually results in a very high homoplasy level. For this reason, such markers must be given a lower weight when similarity matrices are calculated. Here, the different weights proposed for each panel were empirically determined, but it is very likely that in future MLVA developments, special attention will be given to the optimization of these coefficients. For this to be done, much larger collections of strains, with detailed epidemiological data, will need to be typed first. It can only be hoped that in the future, funding bodies will support international consortiums of laboratories aimed at producing high-quality data of this kind. VNTR typing could then be widely accessible for research and public health laboratories, particularly in developing countries, where the majority of cases of Shigella occur, since this method is highly suitable for sharing results and for the generation of databases as previously demonstrated (http: //mlva.u-psud.fr).
